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ABSTRACT 
Entire hydras or tentacles were prepared  for electron microscopy as described 
in the preceding paper. 
The stenotele capsule has been observed to be composed of an external mem- 
brane, a thick chitinous or keratin layer, and an inner membrane. A sac-like exten- 
sion of the capsular  wall into  the capsule  bears  spines and  stylets on its inner 
surface and evagination of this structure  occurs on discharge. Profiles of tubular 
or membranous structures often are seen within the capsules of resting stenoteles. 
These  structures  are  presumably  related  to  the  external  filament.  The  spines 
often reveal a  flattened aspect which suggests that  at least some of them might 
more accurately be called "vanes." A cnidocil has been found to accompany each 
stenotele. 
This study revealed several aspects of the developmental stages of stenoteles: 
A vacuole is formed which is nearly surrounded by the nematocyte nucleus. The 
vacuole content changes in density and a capsular wall is formed at the periphery 
of the vacuole. Tubules differentiate from the capsular matrix, and spines and sty- 
lets develop somewhat later. An operculum is formed from the nematocyte cyto- 
plasm. 
INTRODUCTIO  N 
Although  there  are  four  different  types  of 
nematocysts  found  in  hydra,  by  far  the  greatest 
amount of interest and research has been centered 
about  the stenoteles. This may be due  to the fact 
that the stenoteles are, because of their armament 
(particularly  the stylets),  the most striking of the 
nematocyst  types.  The  fact  that  they  are  the 
largest  of  the nematocysts  may  also have  tended 
to  encourage  workers  to  choose  them  as subjects 
for  nematocyst  investigation. 
In the present studies,  as in those of workers of 
the past  the stenoteles have proved most reward- 
ing.  This  paper  presents  observations  which 
have  been  made  concerning  the  development, 
fine  structure  and  mode  of  discharge  of  the  sten- 
oteles  of hydra. 
* This  investigation  was  supported  by  a  research 
grant  (E-1720)  from the National Institute of Allergy 
and  Infectious Diseases,  United States  Public Health 
Service. 
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Materials and Methods 
The materials and methods used  in this study of the 
stenoteles are identical with those described  in  detail 
in the preceding paper. 
OBSERVATIONS AND DISCUSSION 
A.  Optical Microscope Observations.--The  sten- 
oteles,  often  referred  to  as  the  penetrants,  are 
about  one-tenth  as numerous  as the desmonemes. 
In  the  discharged  state  (Fig.  18),  the  stenotele 
consists  of an  open  tubule,  dilated  at  the  base  to 
form  the  so  called  "butt,"  which  appears  to  be 
continuous with the capsular wall (Hyman,  1940). 
Three large birefringent spines, the stylets, appear 
on the butt  curving backwards  over the crown of 
the  capsule  and  thus  forming  an  angle  of  !30  ° 
with  a  line  produced  from  the  butt  proper.  The 
capsule,  shaft,  spines,  and  tubule  are  all  posi- 
tively  birefringent  (Picken,  1953).  Kepner  et  al. 
(1943,  1951)  and  others  have  divided  the  dis- 
charged  stenotele  into  four  regions:  (1)  capsule 
and  operculum,  (2)  shaft  of  the  spinneret,  (3) 
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spinneret proper,  containing three  stylettes,  (4) 
filament. The shaft of the spinneret and the spin- 
neret proper correspond to Hyman's term "butt," 
to Weill's (1934) term "hampe" and to the "Angel- 
haken," a term used in earlier papers. In the undis- 
charged  state  the shaft has a  median location in 
the  capsule  with  the  tubule  coiled  beneath  it. 
The  stenotele  is  capable  of  injecting a  potent 
paralyzing substance and  functions solely  in the 
capture  of  prey. 
B.  Fine Structure of Stenoteles.--The  stenoteles 
of hydra vary from 8  to  15/z in length and 5  to 
6/z in diameter at their widest point (Figs.  5,  11, 
16,  and  18). The  capsular  wall  (C)  consists  of 
chitin or  keratin  and  is  about  0.25  /z  thick.  In 
OsO4-fixed material, the inner surface of the capsu- 
lar wall appears  to  be limited by an 80 A  thick 
membrane (Mi); the outer surface of the capsular 
wall appears to be limited by a  160 A thick mem- 
brane (Mo)  (Fig. 14). Another membrane (Mn) of 
similar thickness and density appears to limit the 
nematocyte cytoplasm. In KMnO4-fixed  material 
(Fig.  13), the surfaces of  the capsular wall show 
ilo  such  distinct  membranes,  only an  increased 
density; the  nematocyte membrane is most diffi- 
cult  to  identify,  mainly owing  to  its  proximity 
to the capsular wall.  (It is rather puzzling that the 
plasma membrane  (Pro)  in Fig.  13  is  quite well 
preserved while the capsular wall membranes are 
not and that just the reverse situation obtains in 
OsO4-fixed material for the preservative powers of 
KMnO4  on  cell  membranes  are  well  known.) 
Phillips (1956) thinks that the capsule and the 
tube consist chemically of a cartilaginous material 
made up of  eighteen amino acids and a  polysac- 
charide.  Brown  (1950) detected  cystine  in  the 
nematocysts of  Corynactis viridis.  This suggested 
to him  that keratin may be a  component of  the 
nematocyst  for  keratin  contains  a  high  pro- 
portion of cystine. Hamon (1955), on the basis  of 
several chemical tests, concluded that the uemato- 
cysts contained simple mucoproteins, actually gly- 
coproteins,  due to the low carbohydrate content. 
As  no  chemical  analyses  were  included  in  the 
present studies, no further information can be pro- 
vided on these points. 
Study of the accompanying figures of stenoteles 
(Figs.  5,  10,  11 and 13) suggests  that the classical 
terms "shaft" and "spinneret" are inaccurate or at 
least misleading. It  can  be  seen  from  the  above 
figures and from Fig. 16 that these terms represent 
different regions of a  single structure. This struc- 
ture, for which the name invaginated capsular wall 
(ICW) ~ is  suggested,  is  clearly continuous with, 
and of similar density to the wall of the capsule, 
regardless  of the fixative employed. The closest ap- 
proximations in  the  literature  to  the  ICW  con- 
figuration occur as the structure labelled "mj" and 
called the inner margin of the gelatinous matrix by 
Kepner et  al.  (1951, Fig. 5, page  45)  and  as  the 
structure  labelled  "tt"  and  called  the  "einge- 
stttlpte  Halsstttck"  by  Schulze  (1922, Fig.  4  a, 
page 392). A study of Fig. 13 and then Fig. 16 con- 
vinces one that it is an evagination of  the structure 
labelled ICW  in Fig.  13  that results in the  clas- 
sical picture of a  discharged  stenotele  represented 
by Fig.  16.  No  other  structures are involved. It 
seems  unreasonable to  apply  the  terms  "shaft" 
and "spinneret"  to  this  structure. However,  the 
terminology of Schulze (1922), v/z. "Halsstiick" for 
the  basal  region  of  the  evaginated  structure, 
"Dornensttick"  for  the  spine-containing region, 
and  "Zwischenstttck"  for  the region distal to the 
spiny region, but proximal to the filament, seems 
completely satisfactory.  It  is  suggested  that  the 
name evaginated capsular wall (ECW)  be applied 
in  the  case  of  the  discharged  stenotele  to  the 
structure called  the  invaginated capsular wall in 
the  resting  stenotele.  This  structure  is  labelled 
ECW in Fig.  16. It may be noted that the spines 
and  stylets which  lie within the ICW  are  found 
on the outside of  the ECW.  (Only the spines ap- 
pear in Fig.  16. Either the stylets have broken off 
or  they are not included in the plane of this sec- 
tion.) No pore at the inner end of the invaginated 
capsular  wall  was  observed,  as  might have been 
expected from the report by Kepner et  al.  (1943, 
Fig.  6,  page  587) of  a  pore at  the fundus of the 
internal spinneret. 
It  now becomes possible  to  eliminate some  of 
the misconceptions concerning the structure of the 
stenotele and of events occurring on stenotele dis- 
charge.  Thus, Robson (1953), Jones (1947), Picken 
(1953), and Schulze (1922), who indicated that the 
spines existed  on the outside  of the "shaft" in the 
undischarged condition, were apparently mistaken 
and Hyman (1940) and Ewer (1947) were  correct 
in indicating in their drawings that the spines oc- 
curred on the inside of the "shaft." It is clear that 
1  Although the  terminology applied  to  the  ICW is 
suggestive of a mode of origin, it is not intended to re- 
flect the opinion that this is indeed how the ICW does 
originate. The term was selected upon realization of the 
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evagination of the invaginated capsular wall places 
these spines on the free surface of the  evaginated 
capsular wall where  they may be readily seen in 
the  optical  microscope. 
The use of the term  "spine" or "thorn"  to de- 
scribe the short, slender processes found on the in- 
vaginated and evaginated capsular walls seems less 
appropriate than the term "vane" which connotes 
a  flatness not suggested by the other terms.  Fig. 
17  illustrates the  flat aspect  of  these  structures. 
Fig. 8, page 281, in the paper by Semal-Van Gansen 
(1954)  should also be studied. It is of course pos- 
sible that some nematocysts do possess truly spiny 
processes, other  than  the  stylets, which  seem  to 
have no flattened aspect. 
Some uncertainty still surrounds  the nature  of 
the nematocyst filaments. The essential need here 
is to determine the mode of origin of the external 
filament. One possibility is that  the external fila- 
ment  is  derived  directly  from  the  internal  fila- 
ment by an eversion or extrusion. Another possi- 
bility is that the internal filament is broken down, 
subsequently  reconstituted  in  conjunction  with 
capsular matrix material and extruded to form the 
external filament. Kepner et al.  (1943,  1951)  have 
found the latter possibility to be more acceptable 
for  several reasons.  Among  these  reasons  is  the 
fact that they have observed the diameter of the 
external filament to  be related  to  the size of the 
orifice formed  by  the partially expressed stylets. 
They have interpreted the filament diameter as an 
effect of orifice diameter.  It would  seem  equally 
possible that it could be a cause of orifice diameter. 
In addition, they have reported that  the filament 
advances  into  the  external  environment  only  so 
long as the stylet tips are in apposition. Further- 
more, they point out that the external filament is 
rifled, i.e.,  that it possesses three ridges and three 
grooves produced by passage  through  the  nozzle 
formed by the three stylets.  (It should  be noted 
that the three stylets point towards the apex of the 
unfired  nematocyst and  towards  the  base of  the 
discharged  nematocyst.  Jones  (1947)  states  that 
stylets occur only in penetrants.) 
The  present study has  been  able to  cast little 
light on  the  subject of nematocyst filaments be- 
cause  no  representation  of  the  external filament 
has been seen in any section. It may be that the ex- 
ternal filament was broken off or that it is soluble 
in one of the reagents used in processing the tissue. 
It is difficult to interpret confidently the configu- 
rations  which  appear  to  represent  the  internal 
filament.  These  configurations  most  frequently 
occur as three-bladed propellers (T and arrows in 
Figs. 5,  7,  I0,  11, and  13). Their surface seems to 
be formed by a  dense membrane and the interior 
resembles the  capsular matrix.  Such  forms could 
be interpreted as representing flattened  channels 
formed by elaborately folded sheets of membranes 
or profiles of a  contorted  and  sculptured  or col- 
lapsed tubule.  One is tempted to relate the three 
blades of the propeller to the three ridges reported 
by Kepner et al.  (1951)  in  the external filament, 
and  thought  due  to  the  molding  action  of  the 
stylets. It should be noted that Kepner et al. (1951) 
have reported that the internal filament reveals no 
lumen and  that  the  external filament appears  to 
have a  wall due to a  condensation of material at 
its surface. Resolution of this problem seems to be 
at  least partly dependent  upon  the  obtaining of 
high quality micrographs of external filaments. In 
any case a  relation would seem  to  exist between 
the  capsular matrix with  its propeller configura- 
tions and the external filament for it is seen that, 
in preparations in which evagination of the internal 
capsular membrane has occurred,  the matrix and 
the propeller forms  are absent. 
The operculum (op)  (Figs. 5, 6,  11,  13, and  16) 
appears  to  derive its  substance  from  the  cnido- 
blast cytoplasm, with which it is continuous (Fig. 
13,  at  arrow),  its  proximal membrane  from  the 
outer capsular membrane (Mo, Fig. 6), and its dis- 
tal  membrane  from  the  nematocyte  membrane 
(Mn,  Fig.  6).  Some of these developmental rela- 
tionships seem to be lost in the mature discharged 
stenotele's  operculum  (Fig.  16).  Here  the  oper- 
culum  shows  association  only  with  the  capsule. 
Unfortunately,  precisely  how  the  operculum  is 
kept  closed  is  not  revealed  in  the  micrographs. 
However, the arrow in Fig. 16 points to a  notch- 
like thickening of  the capsule wall at  the mouth 
which  suggests a  possible latch mechanism. 
The  cnidocil (cd)  is located to one  side of  the 
longitudinal axis of the stenotele (Figs. 13 and 15). 
This leaves the operculum ample space into which 
to  spring  open.  It  also  appears  that  additional 
space  is provided for  this essential action by an 
opercular chamber  (oc)  located just distal to  the 
operculum (Fig. 13). It may be the distal border of 
this  chamber  which  Kepner  et  al.  (1951)  have 
called Reynolds' membrane.  Having  the  opercu- 
lure located beneath  the surface in this way may 
serve  the  added purpose  of preventing  its  being 
occluded by debris. 82  NEMATOCYSTS OF HYDRA.  II 
C. Development.--Frey  (1847),  Moseley (1877), 
and Murbach (1893,  1894) as cited in Weill (1934), 
thought that the capsular wall was formed within 
the  nucleus,  and  the  entire  nucleus  transformed 
into the nematocyst. (Weill himself believed that 
the capsular wall is of double origin, being formed 
from the external protoplasm as well as from the 
internal capsular matrix.) Weill (1934)  also states 
that  Schulze  (1873),  Hamann  (1882),  DuPlessis 
(1884),  and Bedot (1888)  postulated  a  cytoplas- 
mic origin, while Will (1909)  and Kanajew (1926) 
attributed at least part of the development to  the 
Golgi apparatus.  The  early  confusion  of  Frey, 
Moseley, Murbach and others can be readily un- 
derstood  from  inspection of  Fig.  1 in  which  the 
nucleus (N) is nearly continuous around the entire 
vacuole  (Va).  It  is  easy  to  imagine  how  these 
workers  could  come  to  believe that  nematocysts 
developed within the nucleus. 
Bedot  (1888)  thought  the  vacuolar membrane 
to be the origin of the capsular wall, the capsular 
contents  being  the  substance  found  between  the 
developing  shaft  and  the  capsular  wall.  Chun 
(1881)  stated that  the capsular wall gave rise to 
the tube, the armature (stylets and spines) and the 
capsular  contents.  Finally,  Ewald  (1916),  com- 
bining the work of previous workers  (Will,  1909 
and Iwanzoff, 1896), stated that the primitive vac- 
uole transforms  itself into  a  capsule, the wall of 
the vacuole forming the  wall of  the  capsule,  the 
contents of the vacuole forming the capsular con- 
tents and internal  nematocyst structures (stylets, 
spines, tubules,  etc.). 
Some workers have postulated the formation of 
the nematocyst tube external to the capsule, fol- 
lowed by secondary invagination. Others  consid- 
ered  the nematocyst  tube as forming within  the 
capsule in the midst Of a  primitive homogeneous 
matrix. The former interpretation is not generally 
accepted  owing  to  the  complexity  of  the  mor- 
phological and physiological events involved. Fur- 
thermore,  Weill (1934)  feels  that  the  immature 
nematocysts are capable of evaginating. Therefore, 
immature  evaginated  nematocysts  found  within 
their nematoblast cytoplasm are not forming tubes, 
but  have  discharged  prematurely.  Examples  of 
this  phenomenon  have  been  observed  in  the 
present study. 
Weill (1934)  feels that the armature (stylets and 
spines),  the  capsular contents,  and  probably the 
tube  are  formed  within  the  nematocyst  capsule 
without direct contact with the surrounding cyto- 
plasm. Presumably the  tube forms first with  the 
armature  forming  later,  although  the  order may 
vary. The  tube, however, is often difficult to dis- 
tinguish within the capsule. (See Figs. 10 and 11.) 
The armature develops independently of the tube 
yet without any direct connection with the cnido- 
blast cytoplasm. The zone of growth of the  tube 
seems to be localized near its end, not differentiat- 
ing into the stalk and the butt proper (Weill uses 
the  word  "hampe")  until it has  attained  a  con- 
siderable length. Its development seems independ- 
ent  of  the  armature  of  the  axial  body  or  butt 
proper. 
The initial stage of development can be seen in 
Fig. 1. The nucleus, which is of considerable size, 
practically surrounds a large vacuole found within 
the  cytoplasm. The  degree  to which  the  nucleus 
surrounds the vacuole varies with different types of 
nematocysts.  This  vacuole  has  been  thought  by 
some to be derived from the Golgi apparatus (Will, 
1909).  No evidence relative to this point has been 
obtained  in  this  study. 
The  next stage of development, as represented 
by Fig. 2, consists of a change in the vacuolar con- 
tents, with a tendency toward greater density. Few 
particles can  be  observed  within  the  vacuole  at 
this stage, but more are seen here than in the pre- 
vious stage. 
At the next stage (Fig. 3)  the vacuole is differ- 
entiated into a  capsule (C)  and its contents. The 
capsular  contents  are  granular  and  quite  dense. 
The capsule itself is homogeneous and of low den- 
sity. The nucleus has now become quite attenuated. 
Within the capsule proper the content exhibits a 
particulate nature with several different densities 
and  sizes  (Fig. 4). 
This  developmental  sequence  is  followed  by 
each  of  the  four  different  types  of  nematocysts 
found in hydra. From this point on, the nemato- 
cysts develop in different ways according to their 
type. 
The  developmental sequence  in  the  stenotele, 
from this stage on, is somewhat more complex than 
in other forms. The "tubules" (T) seen in Figs. 5, 
7, 10, and 11 form within the capsule proper, prob- 
ably from  the capsular matrix  (Weill (1934)  and 
others). The armature also appears to differentiate 
from the capsular matrix. 
In Fig. 5 the capsular wall is not completearound 
the entire developing nematocyst. This may be due 
to (1) secondary degeneration of the capsular wall, 
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In the successive steps in the development of the 
intracapsular structures  (Figs.  5,  10,  and  11), a 
process  (ICW)  from  the  capsular  wall  near  the 
operculum extends down into the matrix in the in- 
terior of the capsule nearly to the basal end. This 
forms a sort of capsule within the original capsule 
(see Figs. 5, 10, and 13). Within this inner capsule 
the stylets and spines seem to differentiate from the 
capsular matrix. Fig. 6 shows a peculiar configura- 
tion of this inner capsule or invaginated capsular 
wall.  It might appear that the inner capsule splits 
into two layers. It seems more likely that the sec- 
tion has passed through a fold of the inner capsule. 
It is possible that the infolded capsule layer gives 
rise  to  the  stylets  and  spines.  The  sequence  of 
events in spine and styler development can be fol- 
lowed from the stage where no spines and stylets 
are present  (Fig.  5)  to  that in which  the  stylets 
have begun to form  (Figs.  8 and 9)  and then to 
complete differentiation of  the spines and stylets 
(Figs.  10  and  11). (It  should  be  noted  how  the 
spines are attached to the inner surface of the in- 
vaginated capsular wall (Fig. 10). ) Meanwhile, the 
matrix undergoes a change from the rather coarse 
particles seen in Fig. 5 to the finer particles seen in 
Figs. 10 and 11. 
The tubular forms in the capsular matrix can be 
seen well before the armature is elaborated  (Fig. 
5).  They are  often very difficult to  make out in 
their earliest stage of development, since they are 
of the same density as the surrounding matrix. It 
is interesting to note the "three-bladed propeller" 
configuration assumed frequently by the "tubules" 
and shown particularly well in Figs. 7 and 13. The 
possible significance of this configuration has been 
discussed earlier. Incidentally, Fig. 7 does not rep- 
resent an aberrant stenotele, these configurations 
having been found in many stenoteles. 
The origin of the operculum has been discussed 
in an earlier section and need not be repeated here. 
Fig. 12 shows a structure which was found in the 
section of a stenotele, probably near its apical end. 
It is a cross-section through the region of the shaft 
bearing  the  spines  and  stylets.  The  three  large 
dense structures (St)  peripheral to the three small 
central  dots  probably correspond  to  the  stylets. 
The three, small, central structures are very likely 
three spines. Their nearly circular appearance in 
cross-section contrasts them  to  the vanes in Fig. 
17. It is interesting to note the manner in which the 
three presumed stylets interlock to form a triangu- 
lar lumen, in cross-section.  Such a relationship has 
not been described previously. It would seem  to 
support the theory of Kepner et al.  (1943, 1951) in 
which the magma is squirted from a nozzle. How- 
ever,  one would  then  expect  to  find an external 
tube of  triangular form  rather  than the  grooved 
tube of  those authors. The present authors have 
not observed  discharged  tubes.  The  three  struc- 
tures  of  higher  density  than  the  matrix  but  of 
lower density and more granular texture than the 
spines and stylets, and lying just peripheral to the 
latter  probably  represent  invaginated  capsular 
wall-enclosed masses of the matrix from which the 
spines and stylets differentiate. The double mem- 
brane structure which  is continuous about them, 
the spines and the stylets would seem to correspond 
to  the  invaginated capsular wall. 
The authors wish to acknowledge the  assistance of 
Miss Frieda Meier in the preparation of the illustrative 
material for this report. 
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C, capsule 
CB, cnidoblast 
cc. cnidocil chimney 
cd, cnidocil 
Co, core of cnidocil 
EC, ectoderm 
ECW, evaginated capsular wall 
F, external filament 
Gg, Golgi apparatus 
ICW, invaginated capsular wall 
m, matrix 
Mi, inner membrane of capsule 
Mn, nematocyte membrane 
Mo, outer membrane of capsule 
EXPLANATION OF  PLATES 
A bbreviations used on Plates 
N, nucleus 
oc, opercular cavity 
op, operculum 
P, periderm 
Pl, plug of matrix material 
Pro, plasma membrane 
S, spine 
spl,  member of group  of nine outer  supporting  struc- 
tures 
St, stylet 
T, tubule 
Va, vacuole 
In each figure the magnification mark,  unless noted 
otherwise, indicates one micron. 
PLATE 28 
All of the figures  on this plate illustrate early stages of nematocyst development, or cnidoblast differentiation. 
FIG. 1.  Section showing a very early stage of nematocyst formation. Note the nucleus (AT) encircling a vacuole 
(Va). )<  15,000. 
Fio. 2.  Section through a cnidoblast. Of particular interest is the formation of the capsule wall and the change 
in density of the intracapsular contents. X  7,000. 
FIG. 3.  Section through a cnidoblast showing a wide capsular wall with a dense granular matrix. The capsular 
wall is incomplete, indicating that this is probably a nearly sagittal section.  X  14,000. 
FIG. 4.  Section through a developing nematocyst where the capsule wall is complete, indicating this is an oblique 
section. The intracapsular matrix (m) is heterogeneous.  X  7,000. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
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All of the figures on this plate show developmental stages of the stenoteles. 
Fio. 5.  Longitudinal section showing an incomplete capsular wall  (C),  an operculum (op) of slightly greater 
density than the capsular wall, and differentiating "tubules" (T).  It appears that an ingrowth or simultaneous 
formation and invagination of capsular material from the apex of the capsule is responsible for the development 
of the "invaginated capsular wall" (ICW).  X  13,000. 
Fio. 6.  Section through the opercular region of a  stenotele. The distal surface of the operculum appears to be 
bounded by the nematocyte membrane (Mn). The proximal surface appears to be bounded by a  continuation of 
the outer membrane (Mo) of the capsule.  X  20,000. 
FIG. 7.  Longitudinal section through the capsule and intracellular substance of a  developing stenotele.  The 
three-bladed propeller configurations are extremely prominent and are indicated by the arrows.  X  23,000. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE  29 
VOL. 5 
(Chapman and Tilney: Nematocysts of hydra. II) PLATE 30 
The two figures  on this plate (also Figs. 13,  16, and 17)  illustrate the appearance of material which was fixed 
with KMnO4. 
FIG. 8.  The cytoplasmic structures are better preserved than they were with OsO4 fixation; a  double nuclear 
membrane appears around the nucleus (N); the plasma membrane (Pro) of the cnidoblast (CB) is well defined. 
However, interruptions in these membranes and in the capsule suggest that even better fixation could be attained. 
A Golgi zone (Gg) appears in one cell. Within the capsule,  the invaginated capsular wall (ICW) and dense bodies 
representing the primordial stylets (St) are seen.  X  23,000. 
Fro. 9.  The  immature  stylets  (St) have  elongated somewhat within  the  invaginated  capsular  wall  (ICW) 
shown in this figure.  Golgi zones (Gg) appear in  the  small portion  of  a  cell  adjacent  to  the  cnidoblast (CB). 
X  19,000. THE  JOURNAL OF 
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Further developmental stages of the stenoteles. 
FIG. 10.  Longitudinal section showing the spines (S), the invaginated capsular wall (ICW), and the "tubules" 
(T) which have now attained a nearly mature state within the capsule. The plug of matrix material (P[) at the 
base of the capsule may represent what will become the apical end of the discharged filament. X  15,000. 
Fro. Ii.  Longitudinal section. Relationships similar to those in Fig. I0 appear here. X  ll,000. 
FIG. 12.  Transverse section through the apical end of the stenotele. Note the dense spines (S) and the three 
structures peripheral to them which presumably are the stylets  (St). The three structures peripheral to the sty- 
lets are considered to represent masses of intracapsular matrix enclosed within folds of the ICW. The connec- 
tions existing between the most peripheral structures and the stylets (indicated by the arrows), are of interest. 
Note the method of interlocking of the stylets. X  14,000. THE  JOURNAL  OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE  31 
VOL. 5 
(Chapman and Tilney: Nematocysts of hydra. II) PLATE 32 
FIG. 13.  Longitudinal  section  through a  stenotele. Of  greatest  interest  are the spines  (S),  the  invaginated 
capsular wall (ICW), the capsule (C), and the tubules (T)  usually surrounded by a  matrix (m).  Note that the 
operculum (op) is continuous with the nematocyte cytoplasm at the arrow, that the operculum is separated from 
the opercular cavity (oc) by a dense line (apparently two membranes), and that the invaginated capsular wall is 
continuous with the capsule at the position marked by the double arrow.  X  14,000. 
FIG. 14. Longitudinal section through the capsular wall of a stenotele showing an internal limiting membrane 
(Mi), a  chitinous or keratin capsular wall (C), an outer capsular membrane (Mo), and a  nematocyte membrane 
(Mn). X  24,000. 
FIG. 15. Longitudinal section through the opercular region of a stenotele. Of particular interest is the arrange- 
ment of one of the nine outer "supporting structures" (sp~)  with respect to the capsule (C) and the cnidocil (cd). 
X  19,000. THE JOURNAL OF 
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FIG.  16.  Longitudinal  section of a  discharged stenotele. The  sprung operculum  (op) and  spines (S)  or vanes 
on the evaginated capsular wall (ECW) are readily seen. This figure indicates that the ECW is in continuity with 
the capsule.  X  14,000. 
Fro. 17.  Longitudinal section of the spiny region of a  stenotele's evaginated capsular wall (ECW). This figure 
indicates that,  in  this region,  the armature  of the ECW is more aptly described as consisting of vanes than  of 
spines. (The spines or vanes are labelled S, however). X  25,000. 
FIG.  18.  Photomicrograph taken with a  Baker interference microscope. The external filament (F) is visible, as 
are the stylets (St).  X  2,200, THE  JOURNAL  OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE  33 
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